was established within seconds after the onset of stimulation, indicating that rapid retrieval was operative for Using this probe, we were able to define the behavior of the RRP with optical measurements and to distinguish the first few vesicles that fused with the plasma membrane. The vesicles that underwent exocytosis during between first-time exocytosis and repeated transmitter release due to vesicular reuse. The results call for a the first several seconds of strong stimuli belonged to a subpopulation of vesicles defined as the RRP (Neher revision of the prevailing conception of vesicle recycling. .5% Ϯ 1.6% of the total recycling pool was labeled, second stimulus released the majority of remaining presynaptic vesicles, signaled by the large degree of dein contrast to only 27.8% Ϯ 1.1% labeling when dye was present during the stimulation only (p Ͻ 0.01). The staining of both FM1-43 and FM2-10, the differential retention of the fluorescent indicators was barely detect-‫%05ف‬ difference reflects slow endocytosis that took place within the additional 30 s of dye exposure. Delayed able. These experiments suggest that the fast endocytosis that gave rise to differences in styryl dye destaining endocytosis after a period of stimulated exocytosis has been previously reported for stimuli that mobilize the was largely restricted to vesicles held in the RRP. great majority of vesicles (Ryan and Smith, 1995 Figures 1D and 1E) . Presynaptic for the delayed wash and 19.5% Ϯ 1.2% for the immediterminals were stained with either dye during hypertonic ate wash (p Ͼ 0.5). The lack of difference indicated that stimulation and then destained by repeated applications the dye uptake was largely completed during the 2 s of high K ϩ ( Figure 1E ). The resulting decrease in fluoresstimulation, with little or no additional uptake if dye excence, a measure of the hypertonicity-induced staining, posure was extended for another 30 s. These results was referenced to subsequent staining by high-K ϩ deprovided direct evidence that fusion of readily releasable polarization, which efficiently labels the total recycling vesicles was followed by fast endocytosis rather than pool. Figure 1F shows a specific example, a bouton in slow vesicle recycling. which the hypertonic challenge stained 26% of the total recycling pool. In pooled data from many terminals ( Figure 1E ), the same proportion of the total recycling Kinetics of Repopulation of the RRP by Vesicles from the RP pool was stained with either FM1-43 (23.2% Ϯ 2.4%, mean Ϯ SEM) or FM2-10 (22.1% Ϯ 1.7%). These data If fusion of the RRP is followed immediately by rapid retrieval, one might expect the newly-retrieved vesicles are consistent with the idea that both FM1-43 and FM2-to hamper the repopulation of the RRP from the RP. We examined the rate of RRP repopulation by comparing the destaining responses evoked by two successive hypertonic challenges separated by a variable interval (Figure 3) . Most of the experiments relied on the rapidly departitioning FM2-10; high-K ϩ depolarization was used to achieve a high degree of initial staining. In contrast to the substantial loss of fluorescence produced by the first sucrose application, a second challenge following a 15 s interval elicited a much smaller fluorescence drop ( Figure 3A , single bouton; Figure 3C , pooled data from 278 boutons, nine experiments). However, when the time between pulses was increased to 150 s, the second destaining response was considerably larger, approaching the size of the first ( Figure 3B , single bouton; Figure  3C , pooled data from 164 boutons, six experiments). As the time interval between hypertonic challenges was systematically lengthened (Figure 3D ), the second response recovered with a smooth time course that could be fitted with an exponential curve ( Ϸ 100 s). 
Recovery of the Ability to Release Neurotransmitter and Reuse of RRP Vesicles
As an independent approach to detect vesicle reuse, simultaneous recordings of postsynaptic currents and FM dye destaining were carried out ( Figure 4A ). After The second round of transmitter release could not be attributed to a fresh group of vesicles that had never filled with FM dye for three reasons. First, staining was performed by depolarization with K ϩ -rich solution, the most powerful protocol available for loading the entire pool of recycling vesicles; high-K ϩ depolarization was more effective than either action potentials (Figure 2A lation relative to the first was 80%, the fraction of dye released in were initially assigned zero content. Experiments that stained or the second stimulation relative to the first was 20% (cf. Figure 4A ). destained the RRP with styryl dyes (Figure 1) was prelabeled with FM2-10 in our experiments, there In the first report of the different destaining kinetics were no restrictions on waiting times to allow washout of FM1-43 and FM2-10 (Klingauf et al., 1998), rapid veof extracellular dye and reduction of background stainsicular retrieval was depicted as a homogeneous feature ing. We found that recovery of the FM2-10 destaining of the entire recycling pool in the absence of evidence signal followed an exponential time course with Ϸ 100 to the contrary. To fit the experimental data, rapid endos, not remarkably different than Murthy and Stevens' cytosis was modeled with Ϸ 6 s, which is much slower estimate of undocking rate ( Ϸ 141 s). than other estimates, and the proportion of vesicles in the RRP was set at 60%, which is considerably higher than in other secretory systems. These features of the Cell Biological and Molecular Implications The capability to undergo fast endocytosis was not dismodel can now be revised in light of new observations. First, rapid endocytosis was largely restricted to the tributed evenly across the entire set of vesicles but seemed to be limited to the RRP (Figures 1 and 2 ). This RRP and was not detected upon additional recruitment of reserve vesicles ( Figure 1D) . Second, endocytosis of provided hints about the possible mechanism of fast endocytosis and its relationship to fusion. Our working the RRP was almost exclusively rapid, with no detectable increment in retrieval over an additional 30 s (Figure hypothesis is that rapid endocytosis was restricted to vesicles in the RRP because it required a state of readi-2B). Thus, the differential retention of the rapidly and slowly departitioning dyes can now be ascribed to the ness: only vesicles docked for a sufficient time can undergo rapid endocytosis and reuse. For example, fast specific and near-uniform behavior of a minority fraction retrieval might require a high-order organization of expressed in hippocampal presynaptic terminals but leads directly to vesicular reuse, an efficient strategy SNARE complexes or recruitment of additional protein components to already assembled SNARE core comfor maintaining secretory competence during brief periods of high demand. plexes. Vesicles that lacked such preparation could undergo a single round of exocytosis, but full membrane- terminal is subjected to bursts of activity separated by
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